Thermobarometric estimates and predictions of theoretical and experimental isochemical P-T phase diagrams for epidote±garnet amphibolite blocks from the serpentinite mélange of La Corea (eastern Cuba) indicate partial melting of subducted oceanic lithosphere occurred at peak metamorphic conditions of ca. 700 ºC and 14-15 kbar. These anomalously high geothermal conditions suggest onset of subduction of young oceanic lithosphere of the Proto-Caribbean. The amphibolites have basaltic composition and MORB affinity. Partial melting produced tonalitictrondhjemitic-granitic melts that crystallized at depth associated with the amphibolites. Calculated retrograde conditions for the amphibolites (450 ºC and 8-10 kbar) indicate counterclockwise P-T paths during exhumation in the subduction channel, in agreement with published predictions on thermo-mechanical modelling of onset of subduction of young lithosphere. These findings have important consequences for the plate tectonic configuration of the Caribbean realm since they corroborate the existence of fragments of early subducted young oceanic lithosphere in the eastern Cuba mélanges that indicate subduction of an oceanic ridge during mid-Cretaceous times.
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(1) Departamento de Mineralogía y Petrología, Universidad de Granada, Fuentenueva s/n, 18002-Granada, Spain (2) Instituto Andaluz de Ciencias de la Tierra (CSIC-UGR), Fuentenueva s/n, 18002-Granada, Spain (3) Institut für Geowissenschaften, Universität Mainz, D-55099 Mainz, Germany (4) Departamento de Geología, Instituto Superior Minero-Metalúrgico, Las Coloradas s/n, 83329-Moa, Cuba (5) Museo Nacional de Historia Natural, Obispo no. 61, Plaza de Armas, La Habana 10100, Cuba INTRODUCTIONcomplex tectonic processes in the region including subduction erosion of upper-plate fragments during latest Cretaceous times (García-Casco and others, 2006; García-Casco and others, 2008b) . The Mayarí-Baracoa Ophiolitic Belt (MBOB), which includes the Mayarí-Cristal massif to the west and the Moa-Baracoa massif to the east (Fig. 1B) , is a pseudotabular, strongly faulted mafic-ultramafic massif over-riding the volcanic arc. Mafic rocks in the massif show supra-subduction geochemical signatures (Proenza and others, 2006; Marchesi and others, 2007) . The MBOB is composed of highly depleted peridotites and cumulate gabbroic rocks formed at a back-arc spreading centre (Marchesi and others, 2006) . A general feature of the MBOB peridotites is that they are highly altered (serpentinized), mainly because of seawater alteration during the suprasubduction oceanic stage (Proenza and others, 2003) . The La Corea mélange, which contains high pressure tectonic blocks and fragments of ophiolite, is located at the base of the Mayarí-Cristal massif. A similar structural arrangement occurs in the Sierra del Convento mélange, though the latter is not associated with large ophiolitic bodies.
THE LA COREA MÉLANGE
The La Corea mélange occurs tectonically between the Cretaceous Volcanic Arc (Santo Domingo Fm.; Fig. 1C ) and the Mayari-Cristal ophiolitic massif. The regional geologic configuration indicates that this metamorphic complex, together with the ophiolites, overrides the volcanic arc units, but details of the structure are unknown. The mélange extends for about 72 km2 and is made up of tectonic blocks of amphibolite, garnet-amphibolite, greenschist, quarzite, blueschist, antigoritite, pegmatite and trondhjemite, all set in a serpentinite-matrix. Masses of tremoliteactinolite rock and other products of metasomatism of mafic and ultramafic rocks are also present. The tectonic blocks are concentrated in two regions separated by serpentinized peridotites of the Mayarí-Cristal ophiolite massif (Fig. 1C) . The most common lithology of blocks within the mélange is epidote±garnet amphibolite. These blocks are of m-size, massive to banded and fine-to mediumgrained amphibolite, and occur associated with coarse-grained varieties of amphibole-rich rocks. The amphibolitic blocks are foliated and normally contain garnet porphyroblasts. Veins of igneous rocks of intermediate to felsic composition (tonalitic-trondhjemitic-granitic) and with peraluminous character are intimately associated with the amphibolites (Fig. 2A, B) . The veins show concordant to crosscutting relationships relative to the main metamorphic foliation of the amphibolite blocks (Fig. 2B) . The leucocratic bodies generally consist of m-sized pods of pegmatite made of albitic plagioclase, muscovite and quartz. Pegmatitic rocks also occur as discrete blocks. All types of blocks are cut by quartz-rich veins. K/Ar dating of pegmatites (125±5, 119±10 and 96±4 Ma; Adamovich and Chejovich, 1964; Somin and Millán, 1981) and SHRIMP zircon ages (ca. 110 Ma; Blanco-Quintero and others, 2008) of tonalitic-trondhjemitic-granitic rocks indicate an early Cretaceous age of crystallization. Similar zircon ages have been documented in the Sierra del Convento mélange (112.8±1.1 Ma) and were interpreted as the age of onset of cooling after accretion and partial melting of amphibolite shortly after onset of subduction and before formation of a subduction channel (i.e., mélange; Lázaro and others, 2009 ). Blocks of blueschist indicate that the subduction channel incorporated fragments of oceanic crust subducted late in the tectonic history of the Proto-Caribbean lithosphere. Regional geological arguments suggest final exhumation of the mélange during the initial stages of thrusting over the volcanic arc units in the late Campanian-Maastrichtian (Iturralde-Vinent and others, 2006).
ANALYTICAL TECHNIQUES
Whole-rock analyses of major and trace elements were carried out at the (Centro de Instrumentación Científica, CIC) in the University of Granada. Major element and Zr compositions were determined in PHILIPS Magix Pro (PW-2440) X-ray fluorescence (XRF) equipment using a glass beads, made of 0.6g of powdered sample diluted in 6g of Li 2 B 4 O 7 . Trace elements, except Zr, were determined by ICP-MS after HNO 3 + HF digestion of 0.1000 g of sample powder in a Teflon-lined vessel at ~180ºC and ~200 p.s.i. for 30 min, evaporation to dryness, and subsequent dissolution in 100 ml of 4 vol % HNO 3 . All major (wt %) and trace (ppm) elements data are shown in Table 1 . The analyses plotted in the figures were recalculated to an anhydrous 100 wt % basis. The SEM images were obtained by a LEO 1430-VPSEM instrument with a 3.5 nm spatial resolution and operating at an accelerating voltage of 20 kV, using BSE imaging, (CIC, Granada University). Mineral compositions were obtained by WDS with a CAMECA SX-100 microprobe (University of Granada) (Tables 2-7) operated at 15 kV and 15 nA, beam size of 5 µm. Amphibole compositions were normalized following the schemes of Leake and others, (1997) , and Fe 3+ was estimated after the method of Schumacher (in Leake and others, 1997) . Garnet composition was normalized to 8 cations and 12 oxygens, and Fe 3+ was estimated by stoichiometry. Epidote and feldspar were normalized to 12.5 and 8 oxygens, respectively, and Fe total =Fe 3+ . White mica and chlorite were normalized to 22 and 28 oxygen, respectively, and Fe total = Fe 2+ . Rutile, titanite and apatite were normalized to 2, 5 and 5 oxygens respectively. Mineral and end member abbreviations are after Kretz (1983) , except for amphibole (Amp). The atomic concentration of elements per formula units is abbreviated apfu. The Mg number of minerals (Mg#) is expressed as Mg/(Mg+Fe 2+ ). Software CSpace (Torres-Roldán and others, 2000) was used to calculate ternary phase diagrams. Elemental X-ray images were obtained with the same CAMECA SX-100 microprobe operated at 20 kV, 150 nA beam current, with step (pixel) size of 5-7 µm, and counting time of 30 ms. The images were processed with software DWImager (Torres-Roldán and García-Casco, unpublished) and consist of the X-ray signals of Kα lines of the elements (colour coded; expressed in counts/nA/s) corrected for 3.5 µs deadtime. A "Z" image calculated by the sum of the products of the counts by atomic number (Si, Ti, Al, Fe, Mn, Mg, Ca, Na, Ba, K, P, F and Cl) was used as a gray scale base layer of the colored images to show the basic textural relations of the scanned areas.
Fig. 1. (A) Plate tectonic configuration of the Caribbean region, including ophiolitic bodies. (B)
General geologic map of Cuba (after Iturralde-Vinent, 1998) showing the main geological units. (C) Geologic map of the La Corea mélange (after Leyva, 1996) . 
MINERAL ASSEMBLAGES AND TEXTURES
The peak mineral assemblages in amphibolitic rocks consist of amphibole -epidote -titanite -rutile ±quartz ± garnet ± phengite ± plagioclase, and apatite as accessory phase. The abundance of amphibole and epidote (around 80 % of modal proportion in most samples) and the low abundance of peak plagioclase (absent to up to 5 % modal proportion) make these rocks bizarre. Amphibole is medium-to coarsegrained, with grains up to 3 mm, oriented parallel to the foliation (Fig. 2C, D and 3E ). Epidote is very common and occurs as euhedral, patchy zoned crystals of 0.1-0.5 mm size defining and cross-cutting the fabric. Garnet porphyroblasts range in size from 1 to 6 mm and contain inclusions of rutile, titanite, apatite, epidote, plagioclase, quartz and amphibole (Figs. 3A, C) . The grains are euhedral or partly replaced by chlorite and epidote at the rims and along fractures (Fig. 3C ). Although garnet is common (up to 15-20 modal %), it is not present in all samples. Quartz appears as small dispersed grains in the matrix (e.g. LC-GU-8). Apatite and rutile are present in small concentrations in the matrix. Rutile and titanite are dispersed in the matrix and occur in apparent textural equilibrium at peak metamorphic conditions, though titanite locally replaces rutile. The lack of primary plagioclase in most samples is interpreted as the result of (low degree of) partial melting of amphibolite (García-Casco and others, 2008a; . Peak and relict plagioclase is present in some of the studied samples (Fig. 3F ) within small pockets together with epidote and quartz (sample LC-GU-6; Fig. 2E ) and as inclusions within garnet, respectively. These pockets probably represent unextracted liquid, and the composition of plagioclase is taken as that of (near) peak equilibrium with the amphibolite assemblage. Retrograde overprints are composed of combinations of actinolite, albite, clinozoisite, chlorite, phengite and paragonite (Figs. 2C, D, F and 3D) . These retrograde minerals are fine-grained and form reaction rims around peak metamorphic minerals, are dispersed in the matrix, or located along fractures. Retrograde albite, occurs in aggregates with epidote, titanite, and white micas (Figs. 2C and F) . Retrograde chlorite replaces pargasitic amphibole and garnet and is also present with actinolite + albite + epidote aggregates in the matrix (Fig. 2F) . Chlorite is green to colourless in pleochroism, depending on the primary minerals being replaced and their Mg# contents. Typically, chlorite replacements after garnet are greener (Fe-richer) than replacements after amphibole. Retrograde phengitic mica commonly appears associated with retrograde actinolite, epidote and chlorite in fractures and replacing other minerals. Paragonite is very rare and has been identified in one sample , where it appears dispersed in the matrix.
GEOCHEMISTRY
The studied amphibolite samples have SiO 2 (48.37 -51.76 wt %) and Na 2 O + K 2 O (1.52 -3.50 wt %) contents which correspond to basaltic composition within the subalkaline series in the TAS diagram (Le Maitre and others, 1989; Fig. 4A ). They have high Al 2 O 3 (13.73 -18.16 wt %), TiO 2 (1.59 -2.71 wt.%), FeO tot (10.41 -13.20 wt.%), MgO (4.99 -6.74 wt.%) and CaO content (10.24 -11.62 wt %), and are poor in Na 2 O (1.23 -3.12 wt.%) and K 2 O (0.29 -0.42 wt.%) ( Table 1) , indicative of low-K affinity (Peccerillo and Teylor, 1976; Fig. 4B ). The Mg# is relatively low (0.30 -0.34). REE contents and other geochemical features (Fig. 4C ) also indicate a MORB composition. The Th/Yb versus Ta/Yb diagram (Wood and others, 1979) clearly shows a MORB affinity of these amphibolites, but with variable composition indicating a heterogeneous subducting oceanic crust.
Fig.3. XR images showing textures and composition of La Corea amphibolites. (A) Mn image of concentric zoned garnet, showing Mn-richer core (orange) and Mn-poorer rim (blue); note inclusions of plagioclase, epidote, quartz, titanite and amphibole. (B) Mg# image denoting peak garnet composition in the rim (yellow). (C) Mn image of garnet showing homogeneous composition with a Mn-poorer discrete rim. (D) Al image showing matrix phases: amphibole (blue), epidote (green), albite (yellow) and muscovite-paragonite (orange). (E) Al image showing peak pargasite (yellow) and retrograde magnesiohornblende-actinolitice (purple). (F) Ca image showing Ca-richer composition of plagioclase cores (green-yellow) and retrograde albite (blue)
. Colour scale bar: counts/nA per second. (Peccerillo and Taylor, 1976) , (C) Th-Ta discrimination diagram (Wood and others, 1979) (Sun and MCDonough, 1989) (Sun and MCDonough, 1989) 
Fig. 4 Composition of studied samples in the (A) TAS classification of volcanic rocks from Le Maitre and others (1989), (B) K2O vs. SiO2 diagram

using Yb as normalization factor, showing the fields of shoshonite (SHO), calc-alkaline basalt (CAB), island-arc tholeiite (IAT), volcanic arc basalt (VAB) and within plate basalt (WPB), and (D) N-MORB
normalized spider diagram. In (A) and (B) the MORB composition is projected as a star. In (C) ocean island basalt (OIB), enriched-MORB, and N-MORB
have been projected for comparison.
The N-MORB normalized trace element patterns (Sun and McDonough, 1989) are characterized by fractionated LILE patterns with enrichment in Cs, Rb, K, Ba, U and Pb (Fig. 4D) , and patterns relatively flat for high field strength elements (HFSE). The enrichments of LILE are a likely consequence of interaction of metabasite and fluids in the slab/subduction channel, as clearly indicated by the mobile elements (e.g. Cs, Rb, Ba). Fluid flux into metabasite triggered partial melting at peak metamorphic conditions. 
Table1: Major (wt %) and trace (ppm) elements composition of studies samples.
LC-M-12 LC-GU-8 LC-GU-5B LC-GU-
MINERAL COMPOSITION Amphibole
Amphibole is predominantly calcic, with variation in (Na+K)A between 0.51-0.61 apfu for edenite-pargasite and 0.06-0.49 apfu for actinolite-magnesiohornblende compositions ( Fig. 5A ; Table 2 ). The pargasitic-edenite compositions correspond to grains formed at the metamorphic peak. They are rich in Na-in-A (max. 0.53 apfu), total Al (max. 3.17 apfu), Mg# (max. 0.58) and Ca (max. 1.72 apfu), and poor in Si (min. 5.93 apfu). The actinolite-magnesiohornblende compositions correspond to retrograde overprints (Fig. 5A ). Magnesiohornblende compositions (Si 6.5-7.5 apfu) are most abundant, being poorer in Na(A) (between 0.04-0.44 apfu) and total Al (max. 2.35 apfu), and richer in Mg# (Max. 0.69; Fig. 5A ) than peak amphibole. The actinolite compositions (Si > 7.5 apfu) have still lower Na(A) and total Al contents. A few analyses contain Na(B) corresponding to sodic-calcic composition (barroisite) with relatively high total Al (max 2.29 apfu) and Na(A) (max. 0.50 apfu) contents.
Epidote Group Minerals
Clinozoisite is the most common composition of the epidote group minerals with very low pistacite contents (Xps = Fe3+/[(Al+Fe3+)] ranging from 0.04 to 0.16 (Table 3) . Zoning is generally faint or not present. However, some grains may show zoning with lower Xps at the rims, probably reflecting retrograde readjustments/growth, whereas irregular areas with higher Xps contents in the interior of the grains probably represent formation at higher temperature.
Fig. 5. Composition of calcic amphibole with indication of retrograde trends. (A) Si versus Mg(Mg+Fe2+). (B) Ti versus Si.
Garnet
Garnet is relatively rich in almandine (Xalm max. 0.62) and, to some extent, grossular (0.23-0.45), but poor in pyrope (0.02-0.10) and spessartine (0.03-0.16, Table 4 ). The composition of garnet is related to bulk-rock composition with lower almandine contents in garnet from Fe-poorer bulk-rock compositions. Zoning is faint and concentric. In most samples the cores are homogeneous, and the spessartine component decreases to the rim (Figs. 3A and 6 ). The lack of low temperature phases included in garnet (e.g., chlorite) and the faint prograde zoning suggest a relatively late stage of garnet growth, as otherwise indicated by pseudosection calculations (see below).
Plagioclase
The compositions of plagioclase from pods in samples LC-GU-5B and LC-M-12 show maximum Xan of 0.17 (Table 5) , though Ca-poorer values are common. We interpret the Ca-richer compositions as representative of near-peak conditions (e.g., St-Onge, 1987) and Ca-poorer compositions produced by retrograde readjustments/growth. Retrograde grains dispersed in the matrix or associated with retrograde chlorite and magnesiohornblende-actinolite are of almost pure albite composition (Xab > 0.92, with most analyses reaching Xab > 0.99).
Phengite
Phengitic mica is rich in celadonite content ( total (0.21-0.39 apfu), and Na (0.04-0.36 apfu). Si is negatively correlated with Al, Ba, and Na, and positively with Fe, Mg and K (Fig. 7) . Ba contents are low in most grains, but some grains show a discernible enrichment in the core (max. 0.16 apfu). Based on these relations and the fact that high Na contents of up to 0.36 atoms pfu are consistent with relative high temperature during crystal growth, we conclude that peak metamorphic phengite is characterized by Al-, Ba-, and Na-rich compositions.
Paragonite
Retrograde paragonite (sample LC-GU-8) is relatively rich in muscovite component (Table 6) , with K (0.11-0.19 apfu), and poor in Ti (< 0.01 apfu) and Fe2++Mg (< 0.09 apfu). The crystals may display zoning, with lower K-contents at the rims, suggesting late readjustments during retrogression and interaction with the minerals which are in contact (albite, epidote and muscovite). The relictic high-K compositions, however, suggest relatively high temperature of paragonite formation.
Chlorite
Chlorite is heterogeneous in composition with Si = 5.44-5.71 apfu, Al = 4.68-5.22 apfu, Mn = 0.01-0.07 apfu, and Mg# = 0.41-0.61 apfu (Table 7) . This compositional variability may relate to continuous growth/readjustment during retrograde chlorite growth, but much of it is due to the effect of the mineral being replaced, because Fericher chlorite relates to garnet replacements (max. 5.65 Fe apfu, corresponding to 3.98 Mg apfu), whereas Mg-richer chlorite relates to amphibole replacement (max. 5.82 Mg apfu, corresponding to 3.73 Fe apfu). Fig. 3A for location).
Table2: Representative analyses of amphibole (normalized to 22 O and 2 OH).
P-T CONDITIONS AND PATHS
The calculated peak P-T conditions are based on the peak assemblages Grt+Amp+Ep+Ms+Qtz (LC-GU-8), Grt+Amp+Ep+Pl+Qtz (samples LC-GU-5B and LC-M-12) and Grt+Amp+Ep+Qtz (sample LC-GU-6). For the Pl-bearing samples, plagioclase with the highest Ca-content was used for the calculation of peak conditions. The assemblages used for P-T calculations are shown in the ACF and AFN phase diagrams of Fig. 8 . These diagrams are projected from coexisting phases and appropriate exchange vectors which allow condensation of the composition space. Plagioclase-lacking samples are plotted in the ACF diagram ( Fig. 8A and B, for samples LC-GU-8 and LC-GU-6 respectively), whereas plagioclase-bearing samples are plotted in the AFN diagram ( Fig. 8C and D, for samples LC-M-12 and LC-GU-5B respectively), because the former do not allow evaluation of plagioclase solid solution (albite and anorthite are colinear in the ACF diagram). Pre-peak conditions were calculated using the composition of inclusions within garnet for the assemblages Grt+Ep+Ms+Chl+Qtz (sample LC-GU-8) and Grt+Ep+Pl+Ms+Amp+Qtz (LC-M-12). Retrograde conditions were calculated using actinolite+Chl+Ep+Ms+Ab+Qtz (LC-GU-8), actinolite+Chl+Ep+Ms+Qtz (LC-G-5B) and actinolite+Chl+Ms+Ab+Qtz (LC-M-12 and LC-GU-6). Average P-T Calculations P-T conditions were calculated using the average P-T method and software THERMOCALC version 3.31 and dataset 5.5 Powell and Holland, 1994) . The calculations were performed for the lower variance mineral assemblages containing garnet, because these produce a larger number of linearly independent reactions. An H2O-fluid was included in all assemblages. The activities and activity uncertainties of each end-member included in the calculations were obtained with software AX (Holland and Powell, unpublished) . In order to reduce the error, phase components with low activities (i.e. ferroceladonite in phengite) were occasionally excluded from the calculations (cf. Powell and Holland, 1994) . The results, including the correlations, sigfit values, and uncertainty ellipses, are given below and in Fig. 9 , and were calculated following Powell and Holland (1994) . The calculated peak conditions are 697±52 ºC, 14.5±2.1 kbar (corr 0.90, sigfit 1.56), 622±35 ºC, 14.2±1.6 kbar (0.41, 0.59), 696±37 ºC, 14.3±1.4 kbar (0.85, 0.53) and 708±75 ºC, 13.8±2.8 kbar (0.18, 1.19) in samples LC-M-12, LC-GU-8, LC-GU-5B and LC-GU-6, respectively. These results suggest that most blocks underwent similar peak P-T conditions ranging from 690 to 710 ºC and 14-15 kbar, which correspond to conditions above the wet-saturated solidus of MORB composition. This indicates that the rocks experienced wet partial melting processes that consumed peak plagioclase produced the associated trondhjemitic-tonalitic segregations (cf. García-Casco and others, 2008) . Sample LC-GU-8, however, yielded lower peak temperature conditions below the wet solidus of MORB, in agreement with the presence of peak plagioclase. 
51) in samples LC-M-12, LC-GU-8, LC-GU-5B
and LC-GU-6, respectively The P-T calculations are consistent with counterclockwise PT paths for all studied blocks. The pre-peak prograde path cut across the epidote-amphibolite-facies, peak conditions are within the epidote-amphibolite-facies generally above the wet solidus of meta-MORB, and retrogression occurred within the greenschist/blueschists-facies (Fig. 9 ). Counterclockwise P-T paths indicate that retrogression occurred upon exhumation within the subduction channel when subduction was active (e.g., Gerya and others, 2002) . The isochemical P-T projection calculated for sample LC-GU-8 (Fig. 10 ) is used as a proxy of processes taking place in blocks during peak conditions above the MORB solidus. The results are consistent with observed mineral assemblages. In particular, the calculated relations predict that the studied rocks would undergo wet melting at 650-700 ºC between 12-16 kbar (Fig. 10) . Prograde melting at intermediate conditions within the plagioclase stability field would be dominated by consumption of plagioclase and quartz. At ca. 13 kbar, the field of coexistence of plagioclase and melt is very restricted to conditions close to the solidus (Fig. 10 ), in agreement with the observed lack of plagioclase in most amphibolite samples and with independent mass-balance calculations for similar rocks from the Sierra del Convento mélange (García-Casco and others, 2008a). Isopleths of mineral chemistry and abundance are presented in Fig. 11 . The distribution of isopleths of garnet and amphibole are similar in slope but opposite in trend: garnet production implies amphibole consumption (Fig. 11A, 11B ). Isopleths of modal abundance of garnet indicate late growth during the prograde evolution. Mg# increases smoothly along the subsolidus prograde path and more abruptly above the solidus (Fig. 11C ). These predictions are in agreement with the observed faint prograde zoning of garnet and its mineral inclusions (Fig. 3C) . Similarly, the amount of Na in plagioclase increases slowly along the subsolidus path, because the slopes of Xab isopleths are positive and similar to that of the P-T path, whereas at higher temperature above the solidus it decreases sharply until plagioclase exhaustion close to the solidus (Fig. 11D) . High values of XAb (0.9), similar to those of plagioclase from pods in samples LC-GU-5B and LC-M-12, are predicted upon cooling at ca. 650 ºC and 13 kbar.
Table5: Representative analyses of micas (normalized to 22 O and 4 OH)
Fig. 8. (A) and (C) ACF, and (B) and (D) AFN phase diagrams showing peak metamorphic assemblages of amphibolites (bold circles joined by solid tie-lines) and whole-rock compositions (WR).
Average MORB (filled squares, Sun and McDonough, 1989) 
DISCUSSION
Thermal Evolution
The peak conditions within the epidote amphibolite facies, partial melting, and relatively high temperature/depth relation (14-16 ºC/km) indicate that metabasite rocks of La Corea mélange experienced intermediate P/T metamorphic gradient during subduction. A normal metamorphic gradient during subduction (ca. 10 ºC/km) produces eclogites at similar depth (e.g., Peacock and Wang, 1999) . Vielzeuf and Schmidt, (2001) . The broken line is the antigorite stability limit of Ulmer and Trommsdorff (1995) .
Fig. 9. P-T diagrams showing paths for garnet-bearing amphibolite samples calculated with THERMOCALC. The grid for the basaltic system is after
Anomalously high geothermal conditions (>14 ºC/km) can be produced within two main tectonic scenarios: a) onset of subduction, because heat must be rapidly withdrawn from the hanging wall and conducted into the descending slab, and b) subduction of young oceanic lithosphere (including a ridge), because of the high geothermal state of the subducted lithosphere. Both cases may generate moderate P-T gradients in the descending slab, though the combination of both would produce anomalously high P-T gradients. The peak P-T conditions and the counter-clockwise P-T paths followed by the amphibolite blocks are consistent with the combination of both scenarios, in agreement with geodynamic models for the Caribbean region.These models postulate initiation of a SW-dipping subduction zone of young oceanic lithosphere during the Aptian (ca., 120 Ma; Pindell and others, 2005; Fig. 12) . Similar counter-clockwise P-T paths have been deduced by Krebs and others, (2008) from contemporaneous (ca. 103 Ma) eclogite blocks in the Rio San Juan complex (Dominican Republic), and amphibolite blocks from the Sierra del Convento mélange (115 Ma; García-Casco and others, 2008a; Lázaro and others, 2009 ).
In the numerical modelling of subduction zones presented by Gerya and others, (2002) , the wet solidus of MORB is reached at more than 20 kbar in a subducting lithosphere of 40 Myr age. The model of others, (2005, 2006) shows the possibility of subduction of still younger lithosphere, including a ridge (i.e. 5 MA), in the Caribbean realm, because ocean spreading took place along the ProtoCaribbean ridge nearly orthogonal to the Caribbean trench (Fig. 12A ). This scenario would allow a shallower location of subducted isotherms in the subducting ridge relative to more distal sections of the slab and, henceforth, the intersection of the MORB wet solidus at relatively shallow depth (Fig. 12B) . 
Partial Melting
Amphibolite blocks of La Corea mélange constitute one of the rare cases where partial melting of subducted oceanic crusts can be observed. For partial melting to take place at ca. 15 kbar at 700-750 ºC in a subduction scenario, water is needed in the system. Free water can be produced by the decomposition of hydrated assemblages in the lower subducted oceanic lithosphere, including subducted oceanic crustal metabasite and mantle serpentinite. The upper thermal stability limit of antigorite is approximately isothermal at the conditions experienced in La Corea mélange (Fig. 9) , between 600-700 ºC above 8 kbar (Ulmer and Trommsdorff, 1995) . Dehydration of subducted peridotite is potentially a major source of water for partial melting of metabasite in La Corea mélange.
Fig. 12. Evolutionary model for the Caribbean region with indication of the polarity flip of subduction based on Pindell and others (2005). (A) Pre-Aptian (>120 Ma). (B) Aptian (115-120 Ma).
At the wet solidus of metabasalt, amphibole is stable at low pressure, zoisite and amphibole are present at intermediate pressure, whereas a single hydrous phase, zoisite, occurs at still higher pressures (Vielzeuf and Schmidt, 2001 ). The coexistence of zoisite and amphibole at peak conditions in the studied samples confirm an intermediate pressure (ca. 14-16 kbar) during partial melting. Fig. 9 shows that plagioclase is consumed approximately at 13 kbar, explaining the general absence of this phase in the studied amphibolites. The pockets and veins with tonalitic-trondhjemitic composition (composed mostly of plagioclase, quartz and epidote) demonstrate that partial melting contributed to extraction of incompatible elements from the subducted lithosphere. These elements were incorporated primarily in the partial melts, but were later concentrated in pegmatitic rocks present in the mélange. Percolation of these melts and fluids should contribute, in turn, to partial melting of the upper plate and the generation of arc magmas.
Counterclockwise P-T Paths
Retrograde P-T paths of rocks formed during onset of subduction scenarios have been modelled by geophysical (Gerya and others, 2002) and geochemical (Perchuk and others, 1999) methods. These results indicate that, as subduction proceeds, downward migration of isotherms occurs as a result of material transport of ocean lithosphere, producing the continuous cooling of the subduction interface. However, the process is characterized by two stages, with a first stage of near isobaric cooling at high pressure, followed by a second stage of exhumation characterized by decreasing pressure and temperature. Following the results of these models, the first stage is developed once the blocks are accreted to the (H 2 O-bearing, antigoritelacking) upper plate mantle, while the second stage is developed once a serpentinitic subduction channel is formed upon reaction of H2O with the upper plate mantle at conditions within the antigorite stability field, allowing upward flow of the blocks. Increasing evidence of counterclockwise P-T paths within this type of geotectonic regime have become available in locally restricted occurrences. Such examples were recorded from relatively small-scale tectonic blocks (Wakabayashi, 1990; Oh and Liou, 1990; Krogh and others, 1994; Perchuk and others, 1999; Smith and others, 1999; García-Casco and others, 2008a; Lázaro and others, 2009) , indicating that subduction channel (mélange) formation in onset of subduction scenarios is a requisite of this type of P-T paths. At the pressure conditions experienced by amphibolites of La Corea mélange (i.e., ca 15 kbar), serpentinization of the upper plate mantle can only take place below 650 ºC (Fig. 9) . This is consistent with the calculated retrograde P-T paths and inferred processes. Once the fragments of subducted amphibolite were accreted to the hanging wall at 700-750 ºC, the infiltrating H 2 O could not be consumed in serpentinization of the hanging wall peridotite, but only in partial melting of accreted amphibolite. Moreover, as cooling proceeded, the wet solidus of segregated trondhjemite was intersected. This should have released H 2 O-bearing fluids at 650-700 ºC that may have contributed to onset of retrogression of amphibolite, but not peridotite. However, percolation of these fluids and additional fluids released from the downgoing slab in a continuously cooling scenario triggered the formation of serpentinite at <650 ºC during the essentially isobaric stage, allowing upward flow and further cooling of the blocks.
Tectonic Implications
As indicated above, the counterclockwise P-T paths followed by amphibolites blocks are consistent with an onset of subduction scenario of young oceanic lithosphere (Perchuk and others, 1999; Gerya and others, 2002; Wakabayashi, 2004; Willner and others, 2004; Vignaroli and others, 2005; Krebs and others, 2008; García-Casco and others, 2008a; Lázaro and others, 2009) , as predicted by geodynamic models for the Caribbean region during the Aptian (Pindell and Dewey, Fig. 6, 1982; Pindell and others, 2005) . Amphibolites of La Corea mélange indicate high geothermal gradient, similar to Sierra del Convento. García-Casco and others (2008a) suggested that the earlier products of subduction of the Sierra del Convento mélange, located to the NNW of Hispaniola during Aptian times (Pindell and others, 2005) , represents younger subducted lithosphere than that of the Rio San Juan mélange (Dominican Republic, Krebs and others, 2008) and, consequently, that the Proto-Caribbean ridge should have been located close to eastern Cuba in that time. The new findings in La Corea mélange, located to the WNW of these complexes, reinforces this view, for the early products of subduction that appear in this mélange underwent similar but somewhat hotter conditions to those of the Sierra del Convento mélange. Tentatively, we suggest that La Corea and the Sierra del Convento mélange were located above the two flanking sides of the subducting ridge (Fig. 13) , for colder conditions are recorded in HP rocks of mélanges located to the west of La Corea (i.e., the Holguín and central Cuba regions, cf. García-Casco and others, 2002, 2006 , and references therein). The Purial complex is geologically related to the Sierra del Convento mélange rather than La Corea. Nevertheless, the Purial is a peace of the Cretaceous volcanic arc that subducted due to subduction erosion. Preliminary results indicate that subduction erosion took place during the late Cretaceous, probably related with the subduction of Caribeana terrane (Garcia-Casco and others, 2008b). As consequence of subduction/accretion of continental margin material (Caribeana) during the latest Cretaceous, collision tectonics and, possibly, ensuing extension, produced finally exhumation of the La Corea other deep complexes in eastern Cuba.
CONCLUSIONS
Amphibolite blocks of La Corea mélange, eastern Cuba, have MORB affinity and heterogeneous compositions. These amphibolite blocks record an early stage of subduction of very young oceanic lithosphere during the Aptian. Peak metamorphic conditions attained of 690-710 ºC and 14-15 kbar were appropriate for wet melting of metabasite. Infiltration of H 2 O likely occurred once the blocks were accreted to the hanging wall, triggering partial melting of the metabasites and the formation of trondhjemitic-tonalitic melts extracted out or precipitated inside the rocks as pockets. Formation of the subduction channel (mélange) took place upon cooling during continuous subduction and fluid migration to the upper plate mantle, allowing the blocks to start exhumation and further cooling following counterclockwise P-T paths during retrogression. The La Corea and Sierra del Convento mélanges share similarities in terms of structural position, lithology, age, P-T paths, and petrological processes, suggesting that they formed synchronously in the same subduction system close to a subducting oceanic ridge.
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